Abstract -Algal and fungal toxins coriprise a wide array of naturallyoccurring toxic conpounds in the aquatic and terrestrial environment. An association between these microbial toxins and human health has existed since biblical times when ergotism was assumed to be a toxicosis that resulted from the ingestion of such natural toxins. During the past several decades, the existence and significance of these intoxications were recognized and the chemical features and molecular mechanism of their toxic action, in particular, were elucidated. This chapter is an atteirpt by the author to summarize current information on the toxicological behavior of mycotoxins and phycotoxins, mainly from the view of their molecular mechanism of action. Since most of the fungal and algal toxins belong to a group of small molecular weight organic conounds, it is iriportant also to summarize their biological transformations. Based on their pharmacological and toxicological characteristics, these toxins are classified as: 1) inhibitors of energy production, 2) inhibitors of protein synthesis; 3) cytoskeleton modifiers; 4) mitagenic and carcinogenic corrpounds; 5) ion-channel blockers, and others. These analyses revealed that the microbial toxins are excellent tools for the research and characterization of biological phenomena.
clinical signs in animals similar to those of cardiac beriberi in man.
The LD50 values of CV in male mice were 11 (sibcutaneous), 7.5 (intra-peritoneal), and 29 (per os) mg/kg, respectively. Progressive paralysis of the ascending type due to spinal and medullary depression develops since the toxin affects the motor neurons or internuncial neurons along the spinal cord. Chemically speaking, the structure of CV is very similar to aurovertin B of Calcarisporium arbuscula and asteltoxin of Aspergillus stellatus and Emericella variecolor (Fig. 1) . The LD50 of asteltoxin is 5.9 mg/kg in A.2 Luteoskyrin, emodin, averufin and other anthraguinones Luteoskyrin (LT) is a hepatotoxic and hepatocarcinogenic mycotoxin produced by Penicillium islandicum Sopp. Besides this bis-anthraquinone (LT), the fungus also produces more than a dozen other polyhydroxyanthraquinones such as rugulosin, skyrin, emodin and others ( Fig. 2) (ref. 3) . LT and rugulosin possess a high affinity for mitochondria, and have a potent uncoupling action. Current research has revealed that averufin, a metabolic precursor of aflatoxin B1 and sterigmatocystin, uncoupled oxidative phosphorylation, causing 50% uncoupling at about 1.5 nfl with respect to the decrease in the PlO ratio (ref. 4 Experiments with purified cytochrome P-450s from PCB-pretreated rats, revealed that cytochrome P-448s, which possesses a maximal co-differential spectrum at 448 nm, catalyzes the stereospecific hydroxylation at C-4 to yield (4R)-4-hydroxy-OA, while cytochrome P-450 types produce (45)-4-hydroxy-OA. It is presumed that the degree of toxicity of (4R)-4-hydroxy-OA is comparable to that of the parent OA (ref. 13).
B.2. Trichothecenes
The trichothecene mycotoxins are a family of closely related sesquiterpenoids produced by fungal genera such as Fusarium, Trichothecium, Trichoderma, Stachybotrys and others. The mycology, toxicology and chemistry of the trichothecenes were recently reviewed (ref. 14,
15, 16).
Of the numerous trichothecenes, T-2 toxin was first isolated from corn associated with outbreaks of moldy corn toxicosis in farm animals in the The trichothecenes exhibit various toxicological activities, but the mode of action is not fully clarified at the moment. Diarrhoea is often observed in the natural trichothecene toxicoses aid in animal experiments. The mycotoxins may increase the permeability of blood vessel walls and intestinal mucosal epithelium and thereby cause leakage of plasma into the intestinal lumen, which eventually leads to diarrhoea. As for the dermal toxicity, the vascular permeability in rabbits increased biphasically after skin application of the toxin aid is present even after pretreatment with indomethacin or promethazine (ref. 17) . Recently, markedly increased lipid peroxidation was observed in the liver of rats after T-2 toxin administration. This mechanism may also be associated with the injury of biomenbranes of target organs (ref. 18 ).
Nivalenol and other trichothecenes are potent inhibitors of protein synthesis in eukaryotic cells (ref. 19) . This biochemical feature is closely related to their potent cytotoxic effects and immunosuppressive action. The binding of trichothecenes to the 60S subunits of ribosomes, causes an interference with protein synthetic processes.
The metabolism of trichothecenes are classified into 1) deacylation; 2) hydroxylation, and 3) de-epoxidation. is an isoindole ring with a benzyl, 3-indolylmethyl, or isobutyl residue at C-3; 11, or l3-mentered N-containing ring at C-8, 9; or 13-or 14-menbered 0-containing ring at C-8, 9. Fig. 9 shows the structure of cytochalasin B, one of the representative meriters of the cytochalasins. The LD50 of CC-E in rats is 9.10 (per os) and 2.60 (intraperitoneally) mg/kg. The most prominent clinical signs are coma and an accumulation of oedema fluid at the injection site. A marked decrease of plasma albumin content in association with the damage to blood capillaries is followed by death due to shock (ref. 29).
cc is widely employed in experimental cell biology because of its inhibition of locomotion and cytoplasmic cleavage (cytokinesis) which causes nuclear exclusion. Yahara et al. (ref 30 ) observal the structure-activity relationship of 24 CC derivatives, and the data revealed that CC inhibits locomotion of cells and induces ballooning of cells by induction of the contraction of actin fibers.
Another activity of CC is the inhibition of the glucose transport system in animal cells; this effect is marked when CC-B (Fig. 9 ) is used. Of the two transport systems, the sodium ion-dependent transport of glucose is not affected by CC-B, while the sodium ionindependent system is inhibited by this toxin. The binding of CC-B to a glucose transporter, which is a polypeptide of MW 54 000, has been clarifisi (ref. 31).
These findings indicate that CC is an excellent tool for toxicological approaches to the elucidation of the functions of the cytoskeleton and glucose transporter. (Fig. 2) , one of the polyhydroxyanthraquinones (ref. 35). This mycotoxin is only ntitagenic in the presence of 5-9 and a microsomal activation system. Chemical analysis of the active principle(s) revealed that, of more than a dozen metabolites, 2-hydroxy-emodin (Fig. 2) exhibits mutagenicity without the aid of the activation system (ref. 36). Free-radicals derived from 2-hydroxy-emodin are responsible for its genotoxicity.
It has been well established in environmental carcinogenesis that the cytochrome P-450 system plays an important role in the activation of mutagens and carcinogens. Of the numerous isoenzymes of cytochrome P-450s fractionated from PCB-treated rat livers, cytochrome P-45O I-a, which possesses a maximal CO-differential spectrum at 450.0 nm, catalyzed the activation of aflatoxin B1 into DNA-binding form(s). This epoxidation reaction is accelerated by cytochrome b5 (ref. 37). Thus, the reconstituted cytochrome P-450 system composed of cytochrome P-450, NADPH-cytochrome P-450 reductase cholate, phospholipids, and others, is valuable for the evaluation of rrutagenicity and related metabolic activation process of genotoxic chemicals (ref. 38). The hydroxylation of aflatoxin Bi to aflatoxin M1 and ochratoxin A to 4(R)-4-hydroxy-OT A is catalyzed by chytochrome P-448, and the transformation of emodin into 2-hydroxy-emodin is presumed to be catalyzed by cytochrome P-448 types.
Another method for evaluation of the genotoxicity is the hepatocyte primary culture/DNA repair test using rodent hepatocytes. The LD50 of the purified toxin to mice was estimated to be 0.056 mg/kg, and parenteral administration produced extensive liver lobular haemorrhage aid death within 1-3 hours. Repeated dosage of sublethal amounts of the toxin over several weeks produced progressive hepatocyte degeneration aid necrosis aid hepatic fibrosis. In vitro experiments with isolated hepatocytes revealed the deformation of hepatocellular menbranes, similar to that caused by phalloidin aid chloropeptide (Fig. 8) (ref. 41) .
B Tumor promoters
Swimmer 's itch was reported in Japan in the summer of 1968 at the Okinawa islands. The symptoms were itching, rash, burning, blisters and deep erosions, leaving a painful skin.
A marine blue-green alga, Lyngbya majuscula, was suspected to be the cause of this dermatitis (ref. 43). Similarly, in the summer of 1980, there was a severe outbreak of swimmer's itch on Oahu Island, Hawaii. Aplysiatoxin and debromoaplysiatoxin were isolated from this marine blue-green alga (L. majuscula) (Fig. 10) (ref. 44, 45 ). These toxins were also detected in the toxic sample of the culture of Okinawa blue-green alga (ref. 46) . This is the first report that humans are directly affected by these potent environmental tumor promoters in Japan. (Fig. 12) . Anphidinium klebsii is also known to produce potent hemolytic compounds with a high molecular weight. The hemolytic activity of hemolysin I is 1250 times higher than that of saponin. Fig. 13 , and the nomenclature of the toxins are listed in Table 1 . Brevetoxins consist of a long carbon chain forming 11 contiguous ether rings, all fused trans to one another. Unlike saxitoxin and the gonyautoxins, which contain two guanidinium groups, the brevetoxins do not contain nitrogen at all ani are highly lipidsoluble. Pharmacological investigations into the neurotoxicity in so-called "neurotoxic shellfish poisoning" revealed that the brevetoxins depolarize the membrane by selectively opening sodium channels at fairly negative potentials and by inhibiting the fast sodium inactivation. The binding site for brevetoxins is different from those for tetrodotoxin aod sea anemone toxin (ref. . This is the first report to confirm the occurrence of dcSTX in nature. The specific activity of PBT based on the mouse assay was 4200 mouse units per mg, which is comparable to dcSTX (3700 units). STX was first isolated from the Alaskan butter clam (Saxidomus giganteus) and its LD50 was estimated as 10 tg/kg (intraperitoneally), i.e. comparable to that of tetrodotoxin. Ciguatoxin (CTX) is the causative agent responsible for food-borne intoxication by toxic fish in tropical and subtropical seas. This "ciguatera" intoxication was suspected to be induced by the ingestion of toxic microorganisms by fish. From the analysis of intestinal contents and feed of fish in the Gantier islands of Polynesia where the massive occurrence of "ciguatera" was often recorded, the alga-attached dinoflagellate, Gantierdiscus toxicus, was identified as the causative organism. From hot-methanol extracts of samples,
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V. UENO clx and maitotoxin (MIX) were fractionated from the lipophilic arti water-soluble fractions, respectively. CIX is the major toxin in mussels and MIX is detected in the liver and viscera of toxic fish (ref. 62, 63).
CIX is one of the most toxic of the marine toxins, aid the LD5O is reported to be 0.45 xg/ kg. Ihe minimal effective dose in man is 0.2 ig and the LD5O of purified MIX in mice is 0.15 tg/kg (intra-peritoneally).
Ihe chemical structure of CIX has only been partially determined by lachibana (ref. 64). Ihe molecular weight is about 1112, and the molecular formula is presumed to be C53H77NO2 or C5H78O2. MIX is a high molecular weight compouri composei of glucose, galactose and fatty acids.
CIX induces contraction of the isolated guinea pig vas deferens. Ihis contraction is inhibitel by phentolamine, reserpine, 6-hydroxydopamine or guanethidine, suggesting that the CIX-induced contraction is elicited by a release of catecholamine from the nerve endings (ref. 65). In the vas deferens, CIX non-specifically produces a significant potentiation of response to norepinephrine, acetylcholine and high potassium (ref. 66). Ihis CIX-induced potentiation is assumed to be due to an increase in excitability of the post-synaptic membrane. Further investigations revealed that CIX has a potent depolarizing action which is due to a selective increase in Na+_permeability in nerve and muscle cells. Ihus, CIX causes the nerve membrane to depolarize and inhibits the stimulation-induced action potential. Ihese changes are followed by a decrease in the release of neuro-transmitters.
In contrast to the finding that CIX attacks the Na-channels, MIX selectively activates the Ca++_channels. In cultured neuroblasts and other mammalian cells, MIX increases the Ca+1_permeability of Ca-channels and thereby causes the depolarization of the cell membrane. As is well known, the Ca++_channels have multiple forms in cell membranes, and contribute to physiological and pharmacological phenomena. In this respect, MIX is expected to be an excellent tool for analysing the function of Ca++_channels (ref. 67).
G Diarrhoea-inducing shellfish toxins
In north-eastern Japan, gastro-enteritis is frequently caused by the consumption of shellfish harvested during late spring to summer. Ihe presence of acetone-soluble toxins in the digestive glands of the implicated shellfish, confirmed the gastro-enteritis to be an unknown type of shellfish poisoning. Hence this disease was named diarrhoea-inducing shellfish poisoning (DSP). Although no red tide was seen during the infestation period, the regional and seasonal variation of shellfish toxicity strongly suggested the planktonic origin of the intoxication. Later, a dinoflagellate Q.jflQpby.j fortii was identified as the organism which causes shellfish to become toxic (ref. 68).
During 1976-1983, more than 1 300 cases of DSP were recorded in Japan, while 5 000 patients in Spain in 1981, and 500 in France in 1984 were considered to have contracted this type of gastro-enteritis. DSP may thus be considered as one of the important problems in food hygiene in the world.
Ihe major symptoms of DSP are diarrhoea and vomiting. No deaths were reported. From the digestive glands of shellfish, the toxic principle, dinophysistoxin-1 was isolated. Ihis toxin is a 35-methyl ester of okadaic acid, which is a C38 polyether fatty acid derivative isolated first from sponges as a potent cytotoxic compound (ref. 69, 70) (Fig. 16) . Subsequent efforts revealed the presence of other okadaic acid derivatives, named dinophysistoxin-3, and novel polyether lactones, named pectenotoxins (PIX) after the generic name of the scallop ( Although DSP was first confirmei in Japan as cited above, its occurrence has been shown to be more frequent and widespread than suspected earlier. Since the symptoms of DSP are relatively mild, ard considermi by many people to be a bacterial infection, a proper method is needed for detection of the toxins and diagnosis of this specific gastroenteritis. Recently monoclonal antibodies against okadaic acid were prepari ar1 used in the ELISA method for detecting these toxins in fish. Oral intake of 32 ig of dinophysistoxin-lcauses illness in man, aid we thus have to develop very sensitive (like the [LISA method) and specific methods for the detection of these toxins.
No detailed information is available at present concerning the biological action mechanism of these toxins, but several preliminary reports revealed that okadaic acid induces contraction of the smooth nuscle of rabbits and guinea pigs. This effect is presumed to be a direct effect on the muscle fibers. Indomethacin does not inhibit okadaic acid- Recently, D. acuminata was also proven to produce the okadaic acid derivatives in Japanese mussels. A similar compound was detected in Dutch mussels exposed to this dinoflagellate. The incidence of gastro-enteritis caused by ingestion of mussels in Chile was associated with the occurrence of Dinophysis acuta (ref. 70). Therefore, further research on the production of polyether toxins by other species of Dinophysis is required for clarification of the sporadic outbreaks of gastro-enteritis. 
